ABSTRACT. The need for the prospecting for and identification of new biomolecules is a reality. Molecular techniques allow access to the metabolic potential of microorganisms via the isolation of DNA from environmental samples, i.e., without the application of microbial culture techniques. With its great biological diversity, the Atlantic Rainforest biome has a soil rich in organic matter, some components of which interfere negatively in the reactions necessary for the exploitation of its biotechnological potential. Here, we describe a protocol for the optimization of the treatment of soil samples before DNA extraction. The new methodology gives higher yield and quality of extracted DNA as compared with pre-existing techniques, facilitating the amplification and digestion of environmental DNA, and thus allows optimal exploitation of the genetic potential of the Atlantic Rainforest biome.
INTRODUCTION
Microorganisms are the group with the largest distribution on our planet and play an important role in biogeochemical cycles; they are a reservoir of biomolecules with potential use in health care and industrial applications (Robe et al., 2003; Yun et al., 2004) . Techniques based on their culture have traditionally been the primary tools applied in studies of microorganisms from different environments (Chandler et al., 1997) . However, conventional plate or liquid culture often cannot restore the environmental conditions to which these microorganisms are adapted (Ward et al., 1990; Amann et al., 1995) , resulting in failure of their propagation. Thus, these methods do not necessarily provide comprehensive information on the diversity and biotechnological potential of a soil or water sample (for example, see Van Hamme et al., 2003) . Molecular methodologies (nucleic acid extraction, polymerase chain reaction (PCR) amplification, cloning and sequencing of DNA) have been optimized and adapted to overcome these limitations, i.e., the isolation of microorganisms is no longer a necessity. These new methodologies allow rapid access to microbial diversity and thus facilitate the discovery of new groups of microorganisms (Amann et al., 1995; Hugenholtz et al., 1998) .
The Atlantic Rainforest biome may be a potential source of new biomolecules, especially those with anti-microbial activity (Costa and Siqueira, 2004) . However, the soil is not only rich in microorganisms but also in organic matter, especially in humic acids, that denature DNA by binding phenolic groups to amides. This interaction may partially prevent or even totally inhibit enzyme-mediated molecular reactions with extracted DNA (Paul and Clark, 1989; Robe et al., 2003; Whitehouse and Hottel, 2007) , whereas the absence of interfering substances in DNA extracts from soil results in good enzymatic reactions, i.e., digestion, amplification and ligation, crucial processes in constructing a metagenomic library. In studies with biotechnological purposes, the method of DNA extraction should provide material in sufficient quantity and quality for further elaboration. Only when these criteria are met can researchers hope to find new genes encoding molecules of interest (Lammle et al., 2007) .
There are a large number of published methods for DNA extraction from soil and sediments for studies on autochthonous bacteria Olson, 1991, 1992; Picard et al., 1992; Berthelet et al., 1996; Zhou et al., 1996; Krsek and Wellington, 1999) . Here, we report on an improved DNA extraction from soils based on pre-treatment of soil samples before DNA extraction and purification for metagenomic studies.
MATERIAL AND METHODS

Soil sample
The Mata Atlântica (Brazilian Atlantic Rainforest) soil sample analyzed in this study was collected at the Caimbi Farm (14°51'37", 39°02'04"), Ilhéus, BA. It consisted of a mixture of 20 sub-samples taken from an area of approximately 2 m 2 just below the soil surface, to a depth of approximately 10 cm. The sample was sealed in a sterilized glass flask and transported under refrigeration to the Environment Monitoring Laboratory of Universidade Estadual de Santa Cruz, where it was immediately analyzed. Before DNA extraction procedures, the soil sample was sieved (2-mm mesh) and small parts of plants and roots were removed.
Soil analysis
The organic and physical-chemical analyses of the soil sample of Mata Atlântica were performed by the Laboratory of Soil and Nutrition of Plants of Embrapa (Cruz das Almas, BA) and are summarized in Table 1 . 
Ex situ DNA extraction methods
Method A
A soil sample of 4 g was introduced into a 250-mL Erlenmeyer flask containing 50 mL sodium phosphate buffer (and 0.1% Tween 80, pH 7). The mixture was incubated under constant agitation overnight at room temperature. The supernatant from this suspension was centrifuged at 5000 rpm for 10 min. The pellet was washed four times with TE buffer 50/50 (50 mM Tris-HCl, 50 mM EDTA, pH 8.1) at 3000 rpm for 3 min. Cells were lysed mechanically by maceration of the liquid nitrogen-frozen pellet. The macerate was transferred to a 15-mL centrifuge tube to which 2 mL TE buffer 50/50 and an equivalent volume of phenol-chloroform-isoamyl alcohol (25:24:1) were added, and the mixture was centrifuged at 5000 rpm for 10 min. DNA from the collected supernatant was precipitated by adding 0.7 vol. ice-cold isopropanol and 10 vol. 3 M sodium acetate and chilling this mixture for 2 h at -20°C. Another centrifugation at 5000 rpm for 10 min yielded a DNA pellet, which was washed three times with ice-cold 70% ethanol and once with 95% ethanol. The DNA was resuspended in 200 µL TE buffer 10/0.1 (10 mM Tris-HCl, 0.1 mM EDTA, pH 8.0) and purified by passing through a Sephadex G200 column (Maciel et al., 2007) .
Method B
The first step of soil sample treatment was as in Method A. The supernatant from this suspension was centrifuged at 5000 rpm for 10 min. Before washing, an equal amount of glass beads was added to the pellet. The pellet was resuspended by 1 min vigorous vortexing and washed for times with TE buffer 50/50 (50 mM Tris-HCl, 50 mM EDTA, pH 8.0) followed by centrifugation at 5000 rpm for 3 min. After each centrifugation, the pellets were resuspended by vortexing for 1 min. After the last wash, 200 μL SDS (20%) was added and the mixture incubated for 20 min at room temperature. Lysis was performed by thermal shock (in 3 cycles) by exposing the sample for 1 min to liquid nitrogen followed by transfer to boiling water for 4 min. DNA was extracted by the addition of phenol-chloroform-isoamyl alcohol (25:24:1). The mixture was centrifuged at 5000 rpm for 10 min and the supernatant colleted. To precipitate DNA, 0.7 vol. ice-cold isopropanol and 10 vol. 3 M sodium acetate were added to the supernatant. The reaction mixture was chilled for 2 h at -20°C. DNA was collected by centrifugation at 5000 rpm for 10 min, and the resulting pellet was washed three times with ice-cold 70% ethanol and once with 95% ethanol. DNA was resuspended in 200 µL TE buffer 10/0.1 (10 mM Tris-HCl, 0.1 mM EDTA, pH 8.0) and purified by three different procedures: a) Purification 1: Passing through a Sephadex G-200 column; b) Purification 2: Using PVPP (polyvinylpolypyrrolidone) before lysis in combination with a Sephadex G-200 column purification after extraction; c) Purification 3: After extraction and electrophoresis on 0.8% agarose gel, the DNA band of interest (38 kb) was cut out and the DNA was released by passing through a GFX column (Amersham Biosciences).
Comparison of DNA yields
DNA extracted by Methods A and B from identical soil samples was quantified by spectrophotometric analysis with Genequant (GE Healthcare). Visual comparison was under UV light after electrophoresis of 10 µL DNA solution on 0.8% agarose gel with 1X TE buffer and ethidium bromide staining.
PCR of DNA extracted by the Method B
After the purification steps, DNA samples were submitted to PCR amplification. Samples from purifications #1 and #2 were diluted 100-fold while DNA from purification #3 was used undiluted. A region from the 16S rRNA gene was amplified using primers 27f-[5'-AgAgTTTgATCMTggCTCAg-3'] and 1525r-[5'-AAggAggTgWTCCARCC-3'] in a PTC200 thermocycler (Eppendorf). Each 25 µL PCR mixture contained 10 ng environmental DNA (eDNA), 1X PCR buffer, 200 µM of each deoxyribonucleoside triphosphate, 0.2 µM sense and anti-sense primers, 3.7 mM MgCl 2 , 0.4 mg/mL BSA and 3 U Taq DNA polymerase (PROMEGA  ). The amplification cycle consisted of an initial denaturation step of 5 min at 94°C, followed by 34 cycles of 1 min at 94°C, 1 min at 59°C and 2 min at 72°C, with a final extension step for 10 min at 72°C. For visualizing PCR products, 5 µL of the suspension was submitted to electrophoresis on 1% agarose gels in 1X TBE buffer, stained with ethidium bromide, and placed under UV light.
Digestion by EcoRI and BamHI
DNA extracted by the Method B and submitted to purification procedures #1 and #2 was compared with the eDNA extracted by the Method A for susceptibility to BamHI and EcoRI restriction (110 ng eDNA exposed to 10 units of restriction enzyme).
RESULTS AND DISCUSSION
Amplification of eDNA by PCR was used to determine its quality. Among the three purification methods that were applied to soil-extracted DNA, protocols #1 and #2 yielded eDNA ready for efficient PCR amplification (Figure 1) . Purification procedure #3, even though giving an acceptable level of eDNA, was not suitable for PCR amplification. Since PCR involves successive enzymatic reactions (Riesenfeld et al., 2004) and since DNA polymerase requires contamination-free sites, it appears that purification procedure #3 was not efficient (Figure 1,  lanes 6 and 7) . Probably not all contaminating (DNA-adhering) substances were removed and this could have led to inhibition of the initial PCR product on the original eDNA (Kozdroj and van Elsas, 2001; Robe et al., 2003; Roh et al., 2006) . 
DNA yield, quality and digestion by EcoRI and BamHI
Spectrophotometer readings showed that DNA extraction by the Method A yielded 310 ng/μL, whereas by the Method B yielded 1000 ng/μL. The method B yielded 50 μg DNA/g of soil sample and therefore proved to be more efficient than the extraction method described by Roh et al. (2006) , which resulted in a yield of 8.3 μg DNA/g of soil sample. The difference in eDNA yield from the Method B compared to that of the Method A was also observed visually by band analysis after electrophoresis of extracts (Figure 2 ). The main differences between the two methods were the addition of glass beads (after removal of soil) and lysis by thermal shock in the Method B versus maceration in the Method A. Lysis by thermal shock had already been reported to contribute to a higher DNA yield in soil sample extraction (Dubey et al., 2006) . DNA extracted by the Method B had a UV absorption ratio 260 nm /230 nm of 1.9, while this ratio was 1.25 for DNA extracted via the Method A. This suggested that DNA extracted via the Method B gave a DNA free from adhering humic acids (Roh et al., 2006) . The UV absorption ratio 260 nm /280 nm of DNA extracted by Methods A and B was between 1.6 and 1.7 showing that the two eDNAs were relatively free of protein contamination. These differences in purity levels between the DNA samples extracted by Methods A or B may explain the observed differences in efficiency of their digestion by the restriction enzymes EcoRI and BamHI, where the DNA extracted by the Method B and purified by procedures #1 or #2 was easily digested, but that extracted by the Method A was only partially digested by either enzyme (Figure 2) .
CONCLUSION
An optimized extraction and purification protocol for DNA from a soil sample from the Atlantic Rainforest yielded eDNA in good quantity and high quality, which was suitable for library construction. The method B (thermal lysis followed by DNA purification) proved to be superior to the Method A (sample maceration and DNA purification). UV absorption profiles showed that this eDNA was relatively free of adhering soil components such as humic acids and also free of protein contamination. In addition, two of three DNA purification procedures (#1 and #2) of eDNA extracted by the Method B yielded DNA that could be readily amplified by PCR and was thus suitable for phylogenetic studies. Due to the low level of contamination, DNA extracted by the Method B was readily digested by restriction enzymes EcoRI and BamHI. This DNA can be successfully employed for metagenomic studies of Atlantic Rainforest soil. 
